Metamorphosis of spinal-projecting neurons in the brain of the sea lamprey during transformation of the larva to adult: normal anatomy and response to axotomy.
The spinal projecting system of the sea lamprey (Petromyzon marinus) has been used extensively in studies of axonal regeneration in both larvae and adults. However, little is known about the changes that are undergone by this system during metamorphosis. In order to determine the developmental changes in the size of the descending spinal projection and in the morphology of its neurons, larval, transforming, and adult lamprey brains were labeled by retrograde transport of horseradish peroxidase (HRP) injected into the spinal cord at 25% of body length. Examination of brain wholemount preparations revealed that the total number of labeled neurons doubled during metamorphosis. Most of this increase could be explained by elongation of reticulospinal axons from the rostralmost segments of the spinal cord to locations caudal to the injection site. There were no additions or deletions of either identified reticulospinal neurons or of reticulospinal nuclear groups between the larval and the adult stages. The proportions of Müller and Mauthner cells that were labeled reached a maximum of 93% during the early stages of metamorphosis. Axons of these neurons are known to project almost the entire length of the cord, even in larvae. Therefore, the efficiency of retrograde transport appears to be greater during metamorphosis than during larval or adult stages. While changes in efficiency of retrograde transport could account for some of the apparent increase in reticulospinal neuron numbers between larvae and animals undergoing metamorphosis, this could not contribute to the further increase in the apparent size of the reticulospinal system in the adult, since efficiency of retrograde labeling in these animals was lower than that at earlier stages. With retrograde labeling, a significant increase was seen in the profusion of dendritic arborization of some Müller and Mauthner cells during the early stages of metamorphosis. This correlated with an increase in the incidence of extreme axonal die-back, as indicated by the presence of retraction bulbs within the brainstem. However, intracellular injection of Neurobiotin in untransected animals showed similar degrees of dendritic arborization at all examined stages of development. Therefore, the dendritic profusion did not reflect developmental changes in neuronal morphology but rather reflected an increased sensitivity to axotomy during metamorphosis. We conclude that, during the transformation of the lamprey from the large larval to the adult form, there is little change in either the size or the dendritic morphology of the identified giant reticulospinal neurons. With respect to the smaller reticulospinal neurons, the distance of projection of many of their axons increases during metamorphosis, but there is very little increase in the number of reticulospinal neurons.